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some spectral broadening. Despite their differences, all these models have one feature in 

common: they attempt to follow each droplet or each parcel and then take statistical 

averages one way or another.  By analogy to the kinetic theory of gases, these models are 

referred to as kinetic theories of droplet size distributions in the rest of the paper. 

Although these kinetic models produce size distributions broader than those predicted by 

uniform models and improve the understanding of the formation of droplet size 

distributions, the details of the processes involved are poorly understood and highly 

controversial.  

It has been generally accepted that the fundamental equations describing 

individual droplets have been well established. However, to numerically solve these 
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∫ (x))dx(x)ln(-=H ρρ                                                         (3) 

The MXSD is the droplet size distribution that maximizes (3) subject to the constraints 

described by (1a) and (1b). By solving the corresponding variational problem, the MXSD 

was derived to be the Weibull distribution  

 

)bDexp(-1b-D0N=(D)maxn λ ,                                       (4) 

 
where the parameters N0 = ab/β  and λ = a/β, and β  = X/N. Note that the β  here is the 

inverse of that used in Liu and Hallett (1997) and represents the mean value of X per 

droplet. This change makes the physical meaning of β  consistent with that of "KBT" in 

the Boltzmann energy distribution (KB is the Boltzmann constant, T is the temperature, 

and KBT essentially represents the mean energy per molecule in the gas). The W n ation 

of (4) also uses the power-law relationship (2).  

The MNSD is associatin with the populational energy change (E) to form a 

population of droplets with n(D). In Part I, E is expressed as   

c+n(D)dDD+n(D)dDD
6

-=E 23w ∫ ∫

πσ
πρ

L
,            (5a) 

               
 where the first term on the right side is the latent energy with L representing the latent 

heat of water;  the second term is the surface energy with σ representing the surface 

tension of 86.2. The coefficient c is related to the act ated CCN. Equation (5a) is 

W n ed u8W n the comma)assumption that othel forms of energy (i.e., gravitational 

potential energy, the kinetic energy associatin with droplet terminal velocities, and the 

solution effect) are negligibly small (Pruppachel and Klett 1978). In fact, these minor 

terms can be incorporatin into the coefficients before the integrals,  











 

 14













 

 20

In the quest to understand and explain observe
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